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BACKGROUND

The first effort to perform a detailed quantitative underwater
inspection of fleet moorings was made by the Underwater Construction
Team Two ( UCT TWO ) assisting the Civil Engineering Laboratory (CEL)
at Apra Harbor , Guam , in January of 1977 (reference (1)). Inspection
procedures and forms were developed to enable UCT TWO di vers to perform
the hardware inspection and record the data. Interpretation of the data
and reporting were done by CEL. The inspect ion was successfu l , however ,
further refinement of the procedures , tools , and documentation was deemed
necessary . When UCT TWO was requested to conduct mooring inspections in
San Diego , UCT TWO approached CEL to provide assistance and to write the
inspection report. The inspection procedures , results , and ana1y~is of
the data for the  San Diego fl eet moorings are documented in reference
(2). This work was funded by San Diego Public Work s Center.

Recently the Ocean Engineering and Construction Office (FPO—l) of
Chesapeake Division , Naval Facilities Engineeri ng Command was given the
lead to establish uniform procedures , criteria , and type specifications
for mooring inspection and condition assessment . As a part of this
work the Fleet Mooring Maintenance Manual , MO— 124 will be updated.

OBJECTIVE AND SCOPE

CEL received requests from vari ous Engi neering Field Divisions
(EFD ’s), Public Work Centers (PWC4 s) and the UCT’s for guidance in
underwater inspect ion of moorings . This report was prepared in response
to those requests. This report provides the procedures , equipment ,
and the data recording format used to conduct underwater inspections of

• fleet moorings. These guidelines are of an interim nature and will
be superceded by the revised MO—l24 . These guidel i nes are applicable
to the inspecting divers at each station , whether they be Underwater
Construction Team (UCT), Public Works Center (PWC), or contracted divers .

Normally the divers making the inspection will only report the
physical condition of the mooring based on the guidel i nes gi ven. In
addition to the checks to be made as listed in this report, the customer
may require additional i nformation to assess the mooring ’s condition.

The role of the diver in underwater inspections is 1) to acquire the
data on the condition of the moori ng or underwater structure and 2) to
record and compile the data for delivery to the customer. The diver
should not be expected to make assessments of the structural integrity
or safety of the mooring. These must be carried out by the engineer who
ana lyzes the inspection data. It is strongly recommended that the cus-
tomer have this engineer on site during the inspections. rn this way
the engineer can recognise the need for and request additional data
when necessary.
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UNDER WAr I R INSPECTION

General Procedure

The inspect ions performed by the IJCT’ s are a quick , economical means
of es tab l ish ing  the general condi t ion of ‘floorings. This information is
suitable for decisions of maintenance (defer or expedite schedulel - -
overhauls) and classification (downgrading rated capacity of a m ooring).
A more detailed inspection should be performed upon recovery of ~he mooring
to establish the specific overhaul ma i ntenance required.

Before an underwater inspection can begin , drawings or parts list of
each flooring are required to perform the inspect ions expeditiously.
These documents should be updated by the responsible PWC , E ID , or activity
wi th each overhaul to ensure they reflect the current flooring design.
If these documents are available and up to date , the di vers can make
simple , fas t “go no— go” measureme nts to establish mooring condit ion. If
they are not available , the divers must spend their time m aking actual
physical measurements of the components to establish “as built ” draw i ngs -~~~

and part s lists. Due to restrictions on bottom time , t his is a lengthy •

and expensive procedure.
A se lec t ive  samplinci approach is taken to the underwater mooring

inSpe ctiOn. Areas which are known to corrode or wear rapidly are checked. H
Comparing the drawings and part s list to design requirements arid mooring

• c l ass i f i ca~ ion pinpoints other areas of concern. •

The inspection consists of measuring the chain and connecting hardware
to determine the amm ount of corrosion and wear. Cha in which is less than
°O~ of ori ginal diameter should be downgraded in cla ssification ; chai’m
whi ch is le’ss than 80% of original should be excessed. Single link
measuremen t s on the wire diameter of a single A — link detect corrosion
loss; double link measurements made where two A—link s contact detect
wedr. Single link measurements are made on three different diameters on
the same approximate cross—Sec tion. The double link measurements are

- dde on three adjoining link s (Fi gure 1). rach riser—type floorin g is
inspected by waking the following cali per measurements: (1) sin qle
and double link measurements on the riser just under the buoy , hal fway
to the ground ring, and just above the ground ring ; (2) single link
measurements on the ground ri ng; (3) single and double link measurements

~l each ~round leg just below the ground ring and at the wearpo int (where
the chain is picked up and set down on the bottom by tide s and waves).
Anchor joining link s connecting the ground legs to the ground ring should
be visually checked but not measured . In addition , an underwa ter vol tme ter
shoul d he used to obtain corrosion potentials at each inspection point .
Th is is mandatory if the mooring is cathodic ally protected , opt i onal i f
it is not. The anodes on cathodically protected moorings should also be
inspected . Any dull powder on the anodes should be removed. Measurement s
or estimates of the amount of anode remaining should he made. Measure
the corrosi on potential of the anode.

Telephone—type moorings should be given sing le l i n k , double l i nk an d
potential measurements on each le g at th e wear po i nt , midpoint , and just
below the buoy.

_ _  -



The genera l orientation of each leg can he obtained by find i ng the
ang le between a land m ark an d the di ver ’s bubbles or a marker float at
the end of each ground leg wit h a horizontal sextant . Alternatively a
hand— bearing compass or peloru s nay oe used by sighting over the buoy
from,, the ITma rker float or bubbles. ‘ising the compass on the buoy is not
adv isabl e as con;iderahle compass deviation nay be induced . The buoy
po si tion , as shown on the char t s , should be checked to detect dragging.
P-mis may he done from the buoy by using sextant si ght s or compass bea ri ngs
of landma rk s or a precision positioning system such as the Mini—Ra nger.
The buoy position m ay also be fixed from shore using transits or compass
bearings from charted benchmarks.

The anchors usually cannot be inspected as they are buried beneath
the seafloor. The divers should swim out the ground leg un til it becomes
buried in the seafl oor. The sketches given for each mooring in the data -sheets therefore do not give actual lengths of the ground legs or bearings
to anchors but depend upon the tdutnes s of the qround leg for the
overall accuracy of the bearings. These sketches should be taken onl y
as a general indication of the mooring l ayout.

The buoy is inspected by noting fender conditi on , fouling, wear and
corros i on on connect i ng li nk s , need for cleaning and recoating , and
coll ision damage. Valves and junction boxes on telephone -type buoy s
should he checked. Some of the riser type buoy s have hawse pipes . One
particular area to check on this type buoy is that portion of the riser • ,
chain in the hawse pi pe. This can he done by using a crane to lift up
on the riser and connec ing l i nks on top of the buoy . The condition of
the rubbing casting a1 the hott o- of the hawse chain should be noted and
single and double link ~as uremmi ents should he made on the hawse chain .

Inspections can be carried out with SCUBA or surface-supplied gear.
At San D iego both MK 1 (bandmask) and SCUBA were tried; SCUBA went faster.
One di ver carried a chipping hammer and the calipers; the second diver
carried the voltmeter and the inspection form taped to a slate. Diver 1
would clear growth and corroded materials , make cali per measurements and
signal results to diver 2. Diver 2 would record results on the inspection
form (printed on waterproof paper) and then take voltmeter readings. In
this mann er a 3-leg riser type mooring in about 40—60’ of wa ter coul d be
inspected in 40 to 60 mi nutes.

If vis ibility becomes very poor MK1 is probably the best way to do
inspections. The diver would then call his results to the surface where
they would be recorded. With low visibility it nay be necessary to have
the diver tie off each leg with a small p iece of line as it is inspected ,
this will provide a tactile ma rk i ng of which legs have already been
inspected.

For moorings in depths beyond practical working dive range , typically
120 feet , a 5 rane barge may he used to lift the mooring so divers can
check the grou nd ring and upper sections of ground legs. This  was done
during the Apra Harbor inspection and allowed the PWC riggers to perform
buoy maintenance while the mooring was inspected (reference (1)). A
crane barge will also be necessary if the ground ring is buried in the
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seafl oor. The crane (or w i nch) must lift the ground ring free of the
bottom to allow divers to inspect the ring and the attached ground legs.
Th is is necessary as these components are those most subject to wear.
Properly designed moorings will always have the ground ring off
the seafloor.

If the riser is rai sed it must be securely tied off to a strong
point on the barge , before inspected by divers. Do not depend on a
crane or winch to hold the load.

Equ i pment

Ta b les 1 an d 2 g i ve the 80 and 90 percent measurements for mooring
components for each type of mooring class. These tables are based on
the standard moorings listed in DM—26 , reference 3, (Figures 2 and 3).
The tables can be used to preset cali pers for the various i tems to be
inspected . For example , a class B8 riser type mooring will require
cal ipers set to 3.15” (90%) and 2.80” (80%) for single link measurement s
on the riser; 6.30” (90%) and 5.60” (80%) for double link on the riser;
2.25” and 2.00” for single link on the ground legs; 4.50” and 4.00” for
double link on the ground legs; and for the ground ring 5.85” and 5.20”.

When adjustable calipers were used at San Diego , they were preset 
- -

-

with a vernier caliper then taped to prevent movement of the adjusting
screw. The preferred measurement device is the back-to—back 80 and 90
percent gage configuration (Figure 4.) These gages elimi nate the need
for setting calipers before diving and checking and resetting thenm between
dives. Chances of knocking the adjustment off the setting are eliminated ,
and the number of calipers to carry is reduced by half.

To insure the diver could distinguish each caliper ,visua l  and t ac t i l e  -
mark ings were placed on each caliper to indicate what part it was to
measure. Tape was wrapped around the calipers to provide the necessary
mark i ngs (Figure 5). The same coding was used on the sing le and double
l ink calipers as they are easy to distinguish by their settings.

The back—to—back gages are easier to identify due to their shape.
Only the position ma rk i ng ( riser , ground ring, ground chain) need be
applied.

Documentation

The inspection form developed for earlier mooring inspections was
modified to concentrate the data on one sheet (Figure 6). The forms were
reproduced on a waterproof writing paper which allowed data to be recorded
on the surface or underwater. The form has space for a riser type or
telephone type mooring with four legs. The higher class moorings require
two sheets. The waterproof writing paper used by the UCT’s is called
Underwater Ascot 31073 and is ava ilable from Appl eton Papers, Inc.,
Appleton , Wisconsin 54911 , Telephone (414) 734-9841.

4 
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An example of the required pre— ins pection information is given in
~~ Figure 7. This type of information may also be taken from drawings of

the mooring . In addition to this information a chart should be provided
giv ing the present locations of the moorings. The information provided
by the parts list allows the inspector to select the appropriate caliper
sizes before the dive.

An example of a completed ins pection sheet is shown in Figure 8.
Note that a check is made for each of the three (3) single link and double
link checks made at each location even if they are all the same. Double
link measurements were not made at the wearpoint as this chain was on the
bottom and could be slack. Measuring double link thickness of slack
chain would not give a reliable measurement. Also note that NI (not
inspected ) is placed after the anchor size and type. The anchors were
buried so no check could be made.

To number the legs of the mooring the follow ing convention should
be used. Label the legs 1 , 2, 3 consecutively starting at true
north and work i ng clockwi se (from 0° to 3600). The surface tenders
will have to keep track of the order in which the diving team is doing
the inspection and label the ground legs on the divers data sheet appro-
pr iately when they surface.

Figure 9 is a sketch of the mooring l ayout made from the sextant
sights taken on the marker buoys attached to the ground legs. When the
current is slack sights can be made on the diver ’s bubbles.

The parts lists , ins pection sheets, and mooring l ayouts should be
compiled with any other pert i nent information and delivered to the engineer
PWC , or other cogn izant activity for analysis. CHESNAVFACENGC OM FPO—l
is to receive a copy of each underwater inspection report. In the analysis
the downgrad ing of mooring classifications , or minor and major overhauls
are recommended . Once again such assessments are made only by the engi neer
and should not be expected from the diving inspectors.

RECOMMENDATIONS AND CONCLUSIONS

The procedures and documentati on gi ven are provided to insure that
the Navy ’s Fleet moorings receive an inspection suitable for making
ma intenance decisions. These guidelines are provided for use until the
Fleet Mooring Maintenance Manual , MO—124 can be revised. Universal use
of these inspection guidel i nes in the interim will promote the ease of
data handling and retrieval. It is understood modifications to these
procedures will be necessary in time and for unusual mooring configura-
tions. To keep the documentation standard ized suggested changes should
be forwarded to the Nava l Faci li ties En gineering Command , Code 1002 or
to CHESNAVFACENGCOM FPO—l for consideration.

5
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